The success of cotton breeding for high yield before the 1990s was in part attributed to free exchanges of germplasm and broad use of parental lines. For example, Acala cotton germplasm released from the New Mexico C otton, primarily G. hirsutum, is the leading fiber State University cotton breeding and genetics program crop and the second most important oilseed crop has played an important role in the U.S. cotton industry. in the USA. Profitability in growing cotton crop is afSince the establishment of the program in 1926, more fected by yields, quality, and production costs. U.S. cotthan 30 Acala 1517 series of cotton cultivars and numerton production has experienced two periods of yield ous germplasm lines have been developed and released plateaus or even declines since the 1960s (Culp and (Staten, 1970; Smith et al., 1999) . New Mexico Acala Green, 1992; . The first plateau lasted cotton germplasm, known for its high fiber quality, good for about 15 yr from 1965 to 1979, which was followed Verticillium wilt tolerance, and large boll size (Smith by a 13 yr of yield increases. Cotton yield peaked again et al., 1999) , is adapted to the southwestern growing at 1992 and has declined ever since . On region (semiarid and hot in the summer) of the U.S. the basis of the National Cotton Variety Tests, Meredith Cotton Belt. Even though they are very tall and late- (2000) further showed that the overall yield increases maturing with low yield when grown in other regions, in five of six cotton-growing regions ranged from 6.8 to they have been used extensively as the parental lines 9.5 kg ha Ϫ1 yr Ϫ1 from 1960 through 1996. However, trends for developing other types of cotton cultivars since the in yield reduction were noted during the two plateau 1950s. On the basis of Bowman et al. (1996) , approxiperiods. This was confirmed by reduced genetic gain in mately 45% of cotton cultivars including most California breeding over time on the basis of field comparison on Acala cotton released in the U.S. from 1950 to 1990 performance of cultivars released during various pericontained New Mexico cotton germplasm in their pedigrees. However, no information is available on the ge-L. ϫ G. thurberi Todaro ϫ G. hirsutum L) were introdifferent periods was calculated (p 1 ϭ CK1/1517V). Then, pergressed into the Acala cotton (Smith et al., 1999) . Intercentage (p 2 ) of yield from tested cultivars (e.g., 1517) over the specific introgression was also evident in the developselected standards (e.g., CK1) was calculated (p 2 ϭ 1517/CK1).
ment of high quality Pee Dee germplasm lines (Culp Finally, the adjusted yield in comparison with 1517V for a tested and Green, 1992; May, 2001) . There have been attempts cultivar equaled to the unadjusted yield 1517 ϫ p 1 ϫ p 2 . Informato introduce fiber quality genes from Acala and/or Pee tion was also collected from data published in Crop Science for Dee lines into other cottons to develop high-yielding cultivar registrations (Table 1) .
cultivars, but success has been limited (Bowman and Gutierrez, 2003) . Priority in Acala cotton breeding programs has been given to developing germplasm with SSR Fingerprinting better fiber quality in which desirable genes for fiber qualSeeds for 31 cotton germplasm lines including the 16 Acala ity have been maintained and accumulated. Zhang et al.
cultivars listed in Table 1 and 13 other Acala cultivars or (2005) reported that some representative commercial strains (Acala Original, Acala Mesilla Valley, Acala 2, Acala 8, Acala cotton cultivars had a high frequency of several Acala 44WR, Acala 51, Acala 1517-5-12, Acala 1481, Acala unique SSR markers that were associated with fiber qualHopi 76-18-1, Acala SJ-2, Acala SJ-3, Acala SJ-4, and Acala ity traits. However, information on genetic divergence commercial Acala cotton and germplasm released durgenetic standard of upland cotton (Kohel et al., 1970) , and ing various periods on the basis of molecular markers NM 24016, an interspecific-derived Acala cotton genetic stock will provide useful information for sustainable future (Cantrell and Davis, 2000) , were also included for comparicotton breeding and germplasm conservation. Detailed son purposes.
DNA marker information could provide clues in identi-
The cotton genotypes tested were grown in the greenhouse fying certain chromosomal regions in Acala cottons that in 2003 and leaf tissues from at least 10 plants per line were might be associated with their agronomic performance. Sixty-three pairs of BNL SSR primers, labeled with fluoresto assess their genetic divergence on the basis of SSR cent HEX (4,7,2Ј4Ј5Ј7Ј-hexacloro-6-carboxyfluorescein), NED DNA markers.
(7Ј8Ј-benzo-5Ј fluoro-2Ј4,7-trichloro-5-carboxyfluorescein), or FAM (6-carboxyfluorescein), were selected for the present
MATERIALS AND METHODS
study. On the basis of Liu et al. (2000b) , these SSR primers were chosen to amplify fragments that were distributed on
Replicated Field Trials
most of the known chromosomes with 2 to 4 markers per Regional tests on Acala 1517 experimental strains and cultichromosome. This ensured broad genome coverage of genovars were conducted each year since the mid-1930s on the typing for representational estimation of genetic distance. The University farm near Las Cruces, NM, and on the Artesia Agri-PCR reactions were performed with a thermal cycler (Perkicultural Science Center, Artesia, NM. The tests at different nElmer 9600 Thermocycler; PerkinElmer, Foster City, CA) locations and in different years had different cultivars and in a 10-L reaction solution containing 80 ng DNA template, lines. The cultivars were arranged in a randomized complete 0.15 M primers, 0.2 mM each dNTPs, 1ϫ GeneAmp PCR block design with four replicates. The individual plot size was Buffer, 2.5 mM MgCl 2 , and 0.5 units of AmpliTaq DNA polytwo or four rows, each 10 to 15 m long. When cotton was mamerase (PerkinElmer). The PCR conditions were as follows: ture, 50 open bolls were hand harvested from each of the plots 7 min at 95ЊC, followed by 40 cycles of 15 s at 94ЊC for DNA for measuring lint percentage and fiber quality. Fiber quality denaturing, 30 s at 55ЊC for primer annealing, and 2 min at traits including length, strength, and micronaire (fineness) were tested with in-house single instruments (fibrograph, micronaire, 72ЊC for extension with a final extension for 30 min at 72ЊC. and stelometer). In earlier years, the two center rows were handThe finished PCR samples were stored at Ϫ20ЊC until use. picked for yield determination. Since the mid-1970s, each of
The PCR products were separated by polyacrylamide gel the plots was mechanically harvested for seed-cotton yield electrophoresis with an ABI377 Sequencer (PerkinElmer). estimates. The data were subjected to an analysis of variance For technical details see Liu et al. (2000a Analysis System (NTSYSpc) Version 2.1 software package performance of each cultivar was adjusted as percentages in (Exeter Software, Setauket, NY). The resulting similarity coefrelation to the yield of the standard used in the same tests.
ficients were used to perform the cluster analysis by the unAcala 1517V served as the common standard for overall adjustments for yield and other traits. First, the percentage of weighted pair group method of arithmetic means (UPGMA). 
RESULTS AND ANALYSIS
ton weight per boll were used for the analysis (Fig. 2 ). It appears that boll size has decreased from large boll
Yield and Yield Components
(Ͼ7 g/boll) to medium-sized bolls (5.3-5.5 g/boll) in 2004.
Yield
The increment rate for boll size is Ϫ0.05 g per boll per year (Table 2) . Overall, cotton yield in Acala 1517 cultivars has increased at an average rate of 1.4% per year from 1930 to Seed Index 2004 (Table 2 ). However, from Fig. 1 , it is apparent that two periods of yield improvement existed. In the first
The earliest Acala cotton cultivars had relatively period from 1930 to 1982, the increment rate for yield small seed (Fig. 3) . However, on the basis of the data was 0.77% per year, whereas in the second period from available from the late 1960 to the 1990s, the cultivars 1982 to present, the gain in yield advancement increased released from 1970 to the early 1980s had large seed to 3.1% per year. However, the differences in yield of (Ͼ13 g of seed index), whereas the seed size in the cultivars across years cannot only be attributed to the cultivars released from the late 1980s to the 1990s had genetic gain. Agronomic practices such as fertilizers smaller seed (about 11.5 g for seed index). The trend have been changed over time, which accounted for some with a reduction of 0.10 g per year was linear and highly of the yield differences.
significant from 1969 to 1999 (Table 2) . During the 1970s to 1980s, New Mexico State Univer- Boll size was measured on the basis of seedcotton weight (g) per boll or lint weight (g) per boll in the pro-* P Ͻ 0.05. ** P Ͻ 0.01.
gram. However, only 11 cultivars measured by seedcot- Micronaire is a measurement for fiber fineness and (Table 2 , P Ͻ 0.01) and reached approximately 40% in maturity, equivalent to fiber weight per unit fiber length, the cultivars released in the 1990s (Fig. 4) . The most rei.e., the higher the micronaire, the coarser the fiber. cently released cultivars have even higher lint percentMicronaire in Acala 1517 cultivars has been steadily age (41-44%).
increased over years from 3.8 in 1960 to 4.6 in 2004. The increment rate, 0.01 per year, is linear and highly significant (Table 2 ; Fig. 7 ). However, micronaire in the Fiber Quality newly released cultivars (1517-02, 03, and 04) is still well Fiber Length below 4.9, a discount point for coarser fiber. In summary, yield in Acala 1517 cultivars has been Most Acala 1517 cultivars released in the 1960s to steadily increased with a higher genetic gain seen since 1970s had fiber length greater than 30.99 mm, while the the 1980s. The yield improvement has been accomfiber length in the cultivars released in the 1980s was panied by a steady increase in lint percentage and mireduced to less than 30.48 mm (Fig. 5) . The increment cronaire, and a reduction in boll and seed size. The new rate was Ϫ0.0254 mm per year (Table 2 ). However, the higher yielding cultivars have higher lint percentage, negative trend was reversed in the newly released culticoarser fiber, smaller bolls and smaller seed. Fiber length vars since 1991 that have had longer fiber (Ͼ30.73 mm).
and strength in the cultivars released since the late 1990 were significantly improved.
Fiber Strength
Except for the cultivars released in the late 1980s
SSR Marker Diversity and Cluster Analysis
to early 1990s that had slightly reduced fiber strength, Acala 1517 cultivars had improved fiber strength over Sixty-three SSR primer pairs generated 86 loci and 189 alleles, among which 68 SSR loci with 154 alleles time with an increment rate of 0.0294 kN m kg Ϫ1 yr Ϫ1 Fig. 2 . Boll size changes in Acala 1517. are distributed on 45 linkage groups with 2 to 4 loci per TM-1, an inbred line from many generations of self pollination from DP 14. Acala Young, a reselection from chromosome (Liu et al., 2000b; Lacape et al., 2003) . The SSR markers were relatively evenly distributed on the Watson, was grouped with Acala SJ-3, while Acala 1517 WR was grouped with Acala SJ-2. This indicated that A and D subgenomes. Of 37 (84 alleles) and 31 loci (74 alleles) that were distributed on the two subgenomes, the original Acala population contained enormous genetic variation and within-population reselection drarespectively, 12 and 11 loci showed polymorphism. Of the 18 loci with 31 alleles that were not assigned to any matically changed genotypic composition, resulting in great dissimilarity between original heterozygous and chromosomes, 9 loci were polymorphic. A total of 32 polymorphic SSR markers were produced in the set of heterogeneous population and its selections. Acala Young formed a large group with 16 other Acala germplasm. On average, each chromosome carried 3.3 SSR markers. Genetic distance between Acala germgermplasm, denoted as New Mexico Acala group. This group can be further divided into six subgroups on the plasm ranged from 0.065 to 0.380 with an average of 0.193, indicating substantial genetic diversity within basis of the genetic similarities (Fig. 8 ). Acala cotton germplasm. As evidenced from the pedigree analysis, the high genetic divergence within Acala Subgroup (1) cotton was in part attributed to interspecific germplasm Acala 2, 1517-5-12, 1517-BR2, and 1517-E2. This subintrogression into the Acala cotton.
group (similarity ranging from 0.784-0.835), except for Direct selection played a very important role in develAcala 2 that was also a selection from the original Acala oping Acala cultivars, especially in the early days. Of 30 introduction, can trace all the pedigree to Acala 1517. Acala 1517 cultivars, 13 were from direct pedigree selecIn addition, 1517-BR2 and 1517-E2 had G. barbadense tions. Except for 1517BR and its derivative, 1517-BR1, (Pima or/and Tanguis) germplasm introgression. all the early Acala cultivars (before 1960) including College Acala, Acala 1064, Acala 1517, Acala 1517A, Acala Subgroup (2) 1517WR, and Acala 1517B were from reselections. Their original progenitor can be traced back to Watson. HowAcala 1517(NM), 1517D, 1517-75, 1517C, 1517-91, and 1517-SR3. In this group, 1517C was a breeding line ever, Acala Original and Acala 1064 were grouped with selected from a cross between two selections from 1517 highly similar (JC ϭ 0.931), while 1517-77BR was less similar to 1517-70 (JC ϭ 0.835). and it produced 1517D with G. barbadense introgression (JC between C and D ϭ 0.883). Gossypium barbadense germplasm introgression into 1517 selection also gave Subgroup (4) rise to 1517V, the first Verticillium wilt tolerant cultivar.
Acala 1481. The same 1517 selection resulted in Acala 1517-75 when crossed with DP 14 germplasm. Acala 1517V gave rise to Subgroup (5) 8874 that in turn produced 1517-91 when crossed with a selection from 1517-70. Selection from Acala 1517D Acala 1517-99. It has Acala 9136 in the pedigree which also produced Acala SJ-1 and SJ-2. 1517V, 1517-75, and gave 3080. 9136 had significant G. barbadense germ-1517-91 were related through breeding line 2503, which plasm introgression. 1517-E2 also had 3080 background, was a selection from 1517. Acala 1517C was more similar but it was not close to Acala 1517-99, although they fell to Acala 1517-75 and 1517-91 (JC ϭ 0.835 and 0.918, into the same large NM Acala group. respectively) than Acala 1517D was (JC ϭ 0.802 and 0.847, respectively). 1517-SR3 had 1517-E1 background Subgroup (6) which was derived from a cross involving 3080. Acala SJ-3 and Acala Young. Acala SJ-3 had 1517V in its pedigree, and 1517V can be traced back to Acala Subgroup (3) 1517 which was a selection from Acala Young. Acala 1517-70, 1517-77BR, and 1517-88. 1517-70 had
The second group involved cultivars from both New Hopicala background and 1517-77 was its direct selecMexico and California, including Acala 51, Acala 4-42, tion which in turn gave 1517-77BR via direct selection.
Acala SJ-2, Acala 1517WR, Acala Mesilla Valley, and Acala 1517-88 was developed from a cross of 1517-77BR Acala Maxxa (Fig. 8) . This is referred to as NM/CA group. Acala 51 was derived from a cross between a and DP 70. However, 1517-88 and 1517-77BR were selection from Acala 8 and a Delta upland cotton type Compared with other commercial cultivars, Acala 1517-99 was more similar to Acala 1517-95 since both had a com-(Missdel). Acala 8 was a direction selection from the original Acala introduction (1908) which gave rise to mon ancestor germplasm (Acala 9130) in their pedigrees. Both were also relatively similar to 1517-03, but these Acala 9 which in turn produced Acala 1517. However, Acala 51 was not grouped together with Acala 8. SJ-2 three were highly dissimilar to 1517-02, even though 1517-02 had 1517-95 in its pedigree. In the present study and Maxxa were related to Acala 51 through I-2302 in its pedigree. Acala 4-42 was a direct selection from Acala where more than 30 Acala germplasm lines were genotyped, 1517-95 was not grouped together with 1517-99, 1517 in California. Acala 1517-5-17 and Acala 1517WR were re-selections from 1517. Acala Mesilla Valley was although they were grouped together with most of the other Acala germplasm to form a giant Acala family. a selection from selection derived from Watson.
The third group included Acala 44WR and 1517-95 The fourth group included Acala Original, TM-1, and Acala 1064 (Fig. 8) . Acala 1064 was a selection from (Fig. 8) . Zhang et al. (2005) reported that the four most recently released New Mexico Acala cultivars (1517-95, Young, but it was not grouped with its decedents. Acala 1064 was most distant from other Acala germplasm, but 1517-99, 1517-02, and 1517-03) were as dissimilar to one another as to commercial cultivars from other sources.
relatively closer to TM-1 and Acala Original (JC ϭ 0.77- 0.78). This could indicate that the earlier Acalas were maturity (Bridge et al., 1971; Hoskinson and Stewart, 1977; Wells and Meredith, 1984c; Culp and Green, 1992) . more similar to DP types before germplasm from Pima, Tanguis and Triple Hybrid was introduced into Acalas.
Fiber length and strength showed little change over time, except that fiber strength in the Pee Dee germplasm Other germplasm, Acala 8, Acala SJ-4, Acala Hopi 76-18-1, and NM 24016, each formed separate groups was enhanced (Culp and Green, 1992) . In the present study, on the basis of the data available from annual (Fig. 8) . SJ-4 had the Triple Hybrid background. Hopicala had Hopi and Acala 1517 backgrounds. Acala 8 yield trials in New Mexico, our analysis shows that lint yield and lint percentage in Acala 1517 cotton have been was a direct selection from Acala (1906) and it was also contained in the pedigree of SJ-4. However, SJ-4 consteadily increased at an annual rate of 1.4 and 0.04% between 1930 and 2004, respectively, while boll size and tained complex germplasm sources including Pima, Tanguis, and Triple Hybrid backgrounds. Therefore, this seed index have been gradually reduced since the 1960s. Yield improvement can be divided into two periods, California Acala cultivar was distant from others and formed a separate group. Acala 2, 8, and 51 were gener-1930 to 1982 and 1982 to 2004 (Fig. 1) . In the first period, the genetic gain in yield improvement was 0.77% ally distant from other Acala genotypes, but closer to other California and earlier Acala germplasm. Acala Hopi per year, which agreed with the estimated national average (0.74%) by Meredith and Bridge (1982) . Howwas the most dissimilar to others with JC ranging from 0.62 to 0.77, indicating that this germplasm is the most ever, because of the long-lasting concerted effort of four scientists including three breeders-geneticists and one diverse germplasm in Acala cotton.
agronomist in the 1980s, the breeding progress in yield improvement was accelerated and the trend has been DISCUSSION maintained since the 1990s. The genetic gain in lint yield improvement was estimated to be 3.1% in the second Comparing the performance of obsolete and current period. Fiber strength has also been improved since the cultivars and analyzing annual variety trials not only 1960s, which has been accompanied by steady increase provide detailed information on genetic gain in yield in micronaire values. However, fiber length in Acala and fiber quality improvement, but also shed light into 1517 cultivars tended to decline from 30.99 to 29.98 mm trends of trait changes over time. This should enable from 1960 to 1990, whereas newly released Acala 1517 breeders and geneticists to evaluate breeding progress cultivars (Acala 1517-95, 1517-99, 1517-02, 1517-03, and that has been achieved, and review and design their 1517-04) have fiber greater than 30.48 mm. Therefore, breeding strategies in terms of parental line selection, our analysis on the statewide annual variety trials generpopulation development, and selection methods. Anally agrees with the previous findings for other regions. nual variety trials usually have more than 2 yr data However, no yield plateau in the breeding program has across multiple locations, which provide reliable estibeen noticed. In fact, an accelerated genetic gain in yield mates on performance of newly released cultivars and improvement in New Mexico Acala cotton germplasm breeding lines, and also can accommodate many more has been achieved since the early 1980s. lines to be compared. However, the drawbacks are that According to the data provided by Culp and Green (i) at least two common standard cultivars should be (1992), the number of seed per boll remained unchanged, used during consecutive testing years and (ii) genowhile seed size was gradually decreased. Intuitively, this type ϫ environment interaction could have different should have resulted in decrease in total seed surface effects on performance of different cultivars. Furtherarea per boll for lint fiber production. Since fiber length more, this analysis assumes that tested cultivars and is largely unchanged, increased lint percentage in modstandards have similar linear responses to environments, ern cultivars was either due to more fibers per boll (or so that yield and other traits for tested cultivars can be per seed) or heavier fiber (coarser) or both. On the basis linearly adjusted on the basis of the common standards.
of our analysis, lint percentage and micronaire value Thus, historical yield data over years have these limitahave been concurrently increased over years, whereas tions and do not necessarily represent genetic gain over fiber length did not follow the same pattern. Therefore, time when regression analysis is conducted. The most coarser not longer fiber was the main contributing facappropriate way of assessing the true yield potential in tor to higher lint percentage in the New Mexico Acala all the genotypes is to evaluate them in the same envicotton germplasm improvement. Historically, obsolete ronments across years and locations. Further field tests Acala cotton had significantly larger bolls and seed, finer will be conducted to estimate more accurately the genetic fiber, and lower lint percentage than other short staple gains sustained in the Acala cotton germplasm. However, commercial cultivars. However, the newly released highsince the most current production practices will be folyielding Acala cotton cultivars have relatively small boll lowed, to which new cultivars are more adapted, the yield and seed size, and high lint percentage and micronaire potential for obsolete cultivars could be underestimated.
readings. Even though their yield potential has been After comparing obsolete and modern cotton cultisubstantially increased, the tendency in unintentionally vars grown in the Mississippi Delta, Bridge et al. (1971) reducing seed size and fiber fineness could be a concern. and Bridge and Meredith (1983) Meredith and Wells (1989) have provided some clues for further improving cotton yield.
number of fiber initials and mature fibers, and short fiber content (Bowman et al., 2001) . To achieve the goal They found that high yield in modern cultivars was due to two mechanisms in selection processes: (i) greater of increasing number of lint fibers, cotton breeders can either increase the number of lint fiber initials or reduce dry matter was partitioned into reproductive organs and therefore higher harvest index and (ii) greater reproducthe short fiber content, or both. Van't Hof (1998) developed a technique that makes it possible to count the tive organs (squares, flowers, and bolls) were produced during early reproductive development stage. Meredith number of fiber cell initials on the ovules. However, a reliable and simple method in measuring fiber number is and Wells (1989) suggested that "yield increases through the use of conventional breeding methods are likely to needed for practical use. Currently, the number of fibers per seed can be estimated indirectly on the basis of lint be achieved through continued partitioning of dry matter from vegetative to reproductive structure." Wells index, fiber length, and micronaire. The earlier Acala germplasm were mainly reselecand Meredith (1984a) and Heitholt et al. (1998) indicated that leaf area indices and net assimilation rates tions from introductions of Mexico, which did not have known germplasm introgression from G. barbadense. were not responsible for yield improvement in modern cultivars under different conditions (e.g., years, locaInterspecific hybridization with Triple Hybrid and G. barbadense including Sealand, Pima, and Tanguis was evitions, and nitrogen levels). However, Pettigrew and Meredith (1994) showed a significant positive but small dent in perhaps the late 1930s and 1940s, and out-crossing with G. barbadense also was frequent, which reassociation between lint yield and leaf CO 2 -exchange rate on 18 cotton genotypes during the boll filling pesulted in Acala cotton germplasm with Verticillium wilt tolerance and better fiber quality. The SSR marker data riod, indicating that some cotton breeders may have inadvertently selected for increased photosynthesis while showed that the more recently released Acala germplasm seemed to contain more common SSR markers breeding for higher yielding genotypes. Lu et al. (1994) and Faver et al. (1997) reported that modern high-yieldwith Pima 3-79, while they are more distant from TM-1 (JC ϭ 0.67-0.76). Early Acala cotton germplasm were ing Pima cultivars had reduced leaf area, greater photosynthetic capacity, and greater stomatal conductance closer to TM-1 (JC ϭ 0.72-0.80), and Acala Original and 1064 were even grouped with TM-1. On average, the than obsolete cultivars under semiarid field and water stress conditions. Therefore, photosynthetic rate can be Acala cotton shared 2/3 more SSR markers with Pima 3-79 than did TM-1. Thus, the limited molecular marker increased to develop new high-yielding Acala cultivars. In the arid and semiarid Southwest USA including New data support the notion based on the breeding history that Acala germplasm developed since the 1940s indeed Mexico, abiotic stresses, such as drought and heat are constantly encountered during cotton growing season. contained genetic introgression from G. barbadense. Another surprising note is that Acala Hopi and NM Cotton productivity is limited because of the heat stress, which results in insufficient plant growth and abscission 24016 were consistently distant to other Acala germplasm (JC ϭ 0.62-0.76 and 0.47-0.63, respectively), indiof reproductive organs (mainly young bolls). Improving heat tolerance in Acala cotton to reduce boll abscission cating their significant divergence from other Acala cottons. NM 24016 was an upland cotton type developed during the heat stress would substantially increase number of bolls per plants, thus improve lint yield. In New from interspecific hybridization between upland and G. barbadense (Cantrell and Davis, 2000) . On the basis Mexico, Verticillium wilt and root-knot nematodes [Meloidogyne incognita (Kofoid and White) Chitwood] each of the rDNA and AFLP marker data, Pillay and Myers (1999) even grouped NM 24016 together with G. barbacauses about 5% yield loss (Blasingame and Patel, 2003) . Therefore, breeding and growing Acala cotton cultivars dense but not with Acala SJ-2. It should be pointed out that we chose SSR markers that are resistant or tolerant to these biotic stresses should also help cotton realize its yield potential.
(about 1/3 of the BNL SSR markers) that produced a higher level of polymorphism within Upland cotton on The second strategy is to increase the number of fibers per boll or per seed. Boll size is composed of seed numthe basis of our previous studies (Zhang et al., 2005) . One may argue that the polymorphic SSR markers used ber, seed size, number of fibers per seed, fiber length, and micronaire, i.e., unit weight per unit length fiber.
in the present study were not enough to cover the cotton genome to reliably infer the genetic relationships beSeed number per boll is limited by total ovules and reducing ovule abortion can increase number of mature tween Acala germplasm. Even though more than 2000 SSR primers for cotton from other sources have been seed, but the room is very limited. As indicated previously, seed size might not be further reduced. Microdeveloped, their full accessibility is still not free. Also, their chromosomal locations are yet revealed that would naire should be maintained or reduced; otherwise, its further increase could result in a penalty in fiber pricing.
impose difficulties in marker selection for a good genome coverage. Furthermore, their extremely low level Even though longer fibers could increase fiber yield, fiber length beyond a certain point is negatively associof polymorphism within Upland cotton (1-5%, Ulloa,
